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Abstract
Many life cycle assessments are performed on existing
products. However, it is of more interest to take environ-
mental considerations into account when designing new
products. With environmental aspects involved from the
very beginning the number of uncertainties becomes
overwhelming. To deal with this initial lack of product
specification data (you have to ‘design’ those), the LCA-
procedure is divided into steps, which are integrated into
the design method.
The life cycle oriented design procedure consists of a
goal and procedure definition phase, generation and
selection of alternatives (with the aid of an adjusted life
cycle assessment) and, finally, the complete design and
LCA phase. There are also some suggestions on how to
take exergp  use into consideration during this design
procedure.
Introduction
The advantage of Life Cycle oriented Designing (LCD) is
that the total environmental impact of the subject is taken
into account during the design process and should even be
used as one of the design criteria. To formalize this
concept the LCD-procedure has been developed. LCD is
tested and used for educational purposes at a technical
university.
Background
In the early nineties the Faculty of Mechanical
Engineering at the University of Twente decided to
introduce the students to environmental issues. This
resulted in a course on life cycle assessments of products
[I]. This LCA procedure was developed to make
comparisons between existing products. It seemed more
logical however to teach the new generation of engineers
to design new, environmentally friendly products. It
became clear that there was not a satisfying design
procedure that combined designing with the LCA. After
comparing several existing design procedures [2]  (for
example the procedures by Roth, Hansen, Rodenacker,
and others) one was found in which the integration of
environment and design in general seemed possible: the
Asimow des ign procedure  [3]. This, and similar
procedures, is used often, and by many different
companies.
Criteria for life cycle oriented designing
For a life cycle oriented design procedure to be functional
and practical, it has to fulfill several criteria. It must:
.
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.
.
.
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.
.
use environmental effects as one of the criteria for the
selection of the final design,
be easy to expand to accommodate and be adjusted for
different fields of expertise,
be applicable to many different disciplines,
focus on functionality of the final product,
be compatible with existing design procedures,
be easy to use,
be suitable for multidisciplinary teamwork,
strike a good balance between analysis and creativity,
be suitable for presenting results to others,
have environmental influence on final results,
be practical in legitimate design projects,
be effective (result versus effort),
The developed life cycle oriented design procedure
fulfills these criteria.
The life cycle oriented design procedure
The LCD procedure as explained below is merely the
basic procedure. It is based on the method of Asimow [6],
but is expanded with elements from the LCA.
The LCD [4] consists of three distinct phases,
beginning with goal definition, followed by the creative
and selective phase and concluding with the final design
and review phase.
Phase 1: Goal and procedure definition
This phase contains the following preliminaries:
l Analysis of the design assignment.
Often assignments are not very clear and need to be
further analyzed and discussed before the design team
and the client/principal agree on the desired design
specifications.
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Definition of: subject, goal, initiator, level of detail,
and scope of the study.
Functional unit
The basis for the comparison between the different
‘design’ alternatives. Identical to the functional unit in
life cycle assessment studies. This functional unit is
normally part of the subject definition, but because of
its importance it is mentioned separately.
Definition of design specifications, both discriminatory
and dimensional. If possible these specifications
should be quantified to allow subsequent assessment of
whether and to what extent the design fulfills these
specifications.
Definition of the selection criteria and weighting
factors. These criteria will be used for selecting the
best alternative for the final design, in phase three.
Some of the more obvious criteria are the costs,
functionality and manufacturing and safety consider-
ations. Nowadays environmental impact should also be
one of those obvious criteria. The weighting factor to
establish the relative importance of each of these
criteria may differ for each assignment and can even
differ for each subsystem within the total design.
Determination of the environmental weighting factors.
These factors are necessary for the aggregation of the
different environmental impacts to calculate an overall
environmental indicator (later the alternatives will be
compared on the basis of this indicator value). The
scientific validity of these weighting factors depends
on the used method.
It should also be decided how the scores for the
selection criteria will be calculated or established. For
example, whether the score for the ‘cost’ criterion will
be calculated for the whole life cycle or only for the
manufacturing phase; or how the score for the
‘appearance’ criterion will be determined.
There should be a clear understanding between the
initiator and design team concerning all aspects of the
design process. The method of establishing the weighting
factors should be clear, as well as the motivation for these
factors.
Finally the design team should reach initial agreement
on the method of creating the alternatives (including
dividing the design into subsystems). This method can
later be modified according to new insights obtained
during the creative phase itself.
Phase 2a: Creating alternatives
This phase consists of the creation of alternatives, a
feasibility study, and a first selection for the most
promising alternatives. The calculation of the environ-
mental impact and the selection of the final design
concept based on the scores determined for all the
selection criteria will be explained in phase 2b.
The actual creation of the alternatives is identical to
other design procedures. In general it can be said that
elements such as dividing the subject into subsystems,
brainstorming techniques, functional fulfillment and
feasibility studies play an important role in this part of the
design procedure. However it is advisable to design
different concepts as well as alternatives consisting of
different materials.
A well-performed creative sub-phase, the generation of
alternatives, may result in a large number of different
designs. It is simply impossible to take every possible
alternative into consideration for the selection phase. A
first ‘pre-selection’ is done, based on the outcome of a
feasibility study. A few interesting alternatives for further
study and selection should result.
Depending on the scope and complexity of the subject,
the selection in phase 2b can be focussed on subsystems,
but with the danger of sub-optimization. A thorough
review of the selection procedure followed and the
reasons for the subsequent selection, is therefore
important
Phase 2b: Selecting the final design
To select the most environmentally friendly alternative it
is advisable to quantify the ‘total’ environmental impact of
the designs. This can be done by the so-called Quick Life
Cycle Assessment (QLCA). To select the overall best
alternative the scores for the other criteria should be
determined as well.
Quick life cycle assessment (QLCA).
In order to utilize LCA as a design tool it is necessary
to make it shorter and quicker than traditional LCAs.
Several adjustments are made to achieve this.
The first step is to use a LCA computer program, such
as SimaProO  (by Prt Consultants [5])
Not all material and energy consumption has to be
taken into account, only those in- and outputs that contri-
butes most to the environmental impact. This relics on the
experience of the designer, but even inexperienced
designers are able to make acceptable assumptions. For
example only consider those materials which are expected
to contribute most to the total environmental impact,
supplemented with extremely polluting materials (for
example radioactive and highly toxic materials).
Another way to accelerate the LCA is to use standard,
generalized databases.
Yet a further possibility is to make some life cycle
compromises. Depending on the subject, often either the
material use during the production and disposal phases
has an overwhelming environmental impact, or the energy
(and material) consumption during the usage phase of the
designed subject is responsible for most of the emissions.
In cases where it is clear from the start, that the
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production (and disposal phase) is mainly responsible, it
can be justified to only take these phases into account. It
is advised however to always take into account the
production and disposal phases of a life cycle, even if the
usage phase contributes most to the environmental
impact. The accuracy of the material usage depends on
the deliberation explained above.
The result of the quick life cycle assessment is not an
environmental profile but the aggregated environmental
impacts, called indicator values. It would be too time
consuming and at this stage unnecessary to compare the
different alternatives on the basis of their environmental
profiles.
Final selection.
Besides calculating the indicator for environmental
impact, similar calculations should done for the other
selection criteria. Unfortunately this is not always
possible. For those criteria that are not calculable,
subjective valuations should be made. It is of course
important to make the method used and motivations
considered as clear to outsiders as possible.
Once these calculations are made, the results should be
converted into scores for the selection process. After all
the scores are weighted with the factor for the corre-
sponding criteria, the weighted scores can be aggregated
to produce the total score for the various alternatives.
After a review of, and consideration of the reasons for, the
numerical outcome of this procedure, the result should be
the overall best alternative (concept and material) to
design and develop further in the final phase. In case there
is no clear distinction between the best alternatives, it is
advisable to take the best alternatives into phase 3.
Phase 3: Final design and LCA
The result of phase 2 is the final design alternative(s) that
has to be further developed in phase 3. This involves
more detailing, recalculation of assumptions made in
phase two, a higher level of constructive calculations, etc.
It might become clear that some assumptions made in
phase 2 were too far from reality for selective purposes,
which means a reiteration of phase 2 to reconsider the
selection.
After finalizing the design, a full life cycle assessment
study should also be performed. This includes a full
inventory for the whole life cycle, and use of more
specific data (instead of the generalized data of phase 2).
This time the results should be a full environmental
profile that has to be thoroughly analyzed. Again, this
may result in a reiteration of the QLCA in phase 2. In
general a LCA includes design improvements based on
analysis of the environmental profile.
Every design project should include a thorough review
of the assumptions made, the conclusions reached, and the
procedure followed. It should also include a sensitivity
study to determine the reliability of the outcome.
The result
The result of the LCD procedure is a design that takes
into account the total environmental impact of an item
during its complete life cycle. It is not just an idealized
‘green’ product; it is a design that can compete with more
traditionally designed products on criteria such as costs,
manufacturing, functionality, etc. It does, however, have
an environmental advantage over the traditional products
It is important to note that there are many opportunities
for review in the LCD procedure. Many designs are
performed under pressure of time, which can lead to an
automatic design procedure in which the numbers pre-
empt the creativity and experience of the designers. To
prevent this questionable situation from occurring, there
should be time set aside for a discrete review session.
Whether it is a product design, the development of a new
law or tax system or management strategy, after each
important (design) decision there should be a thorough
review of the procedure followed and the outcome
achieved.
The practicality of this LCD method should not be
constrained by the fear of the designers to make mistakes.
By reviewing the procedures used and the results reached
after each decision, initial mistakes can be recognized in
time and corrected. Clear and thorough documentation of
the procedure, calculations, selective decisions and results
is important for later reference and for re-designing.
Integration of other types of LCA
This general description of the LCD procedure is based
on the environmentally oriented LCA. The same
procedure can be used for other types of LCA,
substituting criteria pertinent to the topic in focus. It is
assumed that the proper type of LCA can even be used to
help determine the scores for some of the other selection
criteria. For example, a finance oriented LCA for the
‘costs’ criterion, or a safety oriented LCA for the safety
criterion, etc. Of course those LCAs have to be quick and
easy to use, like the QLCA, to be effective in the selection
phase. During the whole design route the environmental
LCA could be used side by side with LCAs oriented
toward other design criteria. As shown in figure 1, the
different LCAs can be used simultaneously in the LCD
procedure.
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Figure 1. The lifecycle oriented design procedure
Difficulties when performing LCD
A few difficulties may appear while performing the life
cycle oriented design procedure, besides the already
mentioned problems with determining weighting factors.
Some of these problems are directly related to the LCA.
One of these problems is the distribution of the
environmental impact of a recyclable material over the
design subject and the subsequent uses of that particular
material. It depends on the chain of life cycles how much
of the impact of winning and producing that material is
attributable to the design subject. Reuse of subsystems of
the design subject offers a similar problem. The environ-
mental effects of co-production during the manufacturing
phase and the distribution of these impacts and benefits
over the different products can cause practical problems
as well.
A difficulty more related to designing in general is the
conversion from environmental impact indicator into a
score for the environment criterion. For a fair selection
each criterion should be scored on the same scale, from 0
to 100 for example. The question arises whether to award
full points to the alternative with the lowest indicator
value and use this as the benchmark for determining the
scale of the remaining alternatives, or to scale all the
alternatives in comparison with some theoretical “perfect”
environmental impact indicator.
In the case of designing (and selecting) subsystems
there is danger of sub-optimization. Not only the danger
of selecting a less than optimal alternative, but also of
selecting assorted sub-systems that are not compatible. By
a thorough review of the followed procedure and its
outcome these mistakes can be corrected. Perhaps it is
possible to eliminate these dangers by a still more
formalized (sub-)procedure.
The method of dividing a complex system into more
practical subsystems and clearly defining the boundaries
of these subsystems can be subject for further study. At
the moment it depends on the experience of the designers
to solve these difficulties.
LCD as a university course
Over recent years about 600 students have taken the
course on LCD, including students from faculties other
than mechanical engineering (including students from the
faculties ‘Public Administration and Public Policy’ and
‘Philosophy and Social Sciences’). Depending on the
students’ course history, they get an introduction or
refresher lectures on the standard environmental LCA,
followed by preparatory lectures on the LCD procedure.
In the second week of the course the students are
organized into small design teams of about 8 students
(preferably multi-disciplinary). Each group gets its own
tutor and a realistic assignment. In the following 8 weeks
they use the LCD procedure on their own design subject.
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They also get access to the program SimaPro’ . At the end
of the course each design team writes a report and gives a
presentation to the tutors and one of the other teams.
Subjects for further study
This design procedure is under continuous development.
There are still many unresolved issues, which should be
studied, and the solutions integrated into the LCD
procedure. Many subjects are directly linked to (environ-
mental) life cycle assessment. Some of these subjects are
listed below:
.
.
.
.
.
.
.
.
.
.
.
.
creation and maintenance of world-wide (free) data-
bases (not only for environmental LCAs).
dynamic aspects in LCAs, for example time related
emissions and impacts,
integrating administrative and political aspects into the
LCD,
validations and sensitivity aspects,
using expert-systems for clean technologies,
specification of the LCD for discrete or process pro-
duction situations,
standardizing procedures for weighting problems,
aggregation of different environmental impacts,
calculation methods to quantify environmental effects,
like sound pollution, horizon pollution (by high
objects), use of ground space, etc,
strategies for making assumptions, especially for
assumptions considering the QLCA,
broad national, and preferably international, discussion
and agreement on who, when, and how the weighting
factors for aggregation of the environmental impacts
should be determined,
integrating exergetic aspects into the LCD procedure.
Exergy and life cycle oriented designing
One recent development is to include exergy in the
selection process for the final design. From experience it
became clear that the consumption of fossil fuels during a
life cycle is often causing much more environmental
damage than the emissions due to material usage. It
makes sense to include the exergy consumption as a
separate criterion in the selection process. If it turns out
that for some environmental impacts, the exergetic
indicator values could be used instead of their contri-
bution to the environmental impact indicator score, it
would simplify and objectify the selection process.
What is exergy
According to Kotas [6] “The exergy method is an analysis
technique in which the basis of evaluation of thermo-
dynamic losses follows from the Second Law rather than
the First Law of thermodynamics”. “Exergy is defined as
a universal measure of the work potential or quality of
different forms of energy in relation to a given
environment”. “The loss of exergy, or irreversibility,
provides a general acceptable, quantitative measure of
process inefficiency.”
Exergy is, in other words, the combination of the first
and second law of thermodynamics. Exergy is that part of
an energy quantity which is, theoretically, convertible into
work. Exergy is the quality of energy. Mechanical energy
is 100% exergy, like electricity. But heat of a low
temperature is almost not convertible into work and thus
the exergy of this heat is quite low.
Quick exergetic life cycle assessment (QELCA)
A full exergetic life cycle assessment [7] is (like a full
LCA) too complicated to perform for the selection phase.
For that specific use the Quick Exergetic Life Cycle
Assessment (further called QELCA) has been developed.
In the QELCA the complete life cycle is considered as a
black box. The exergetic efficiencies of the separate
(exergy consuming) processes inside the life cycle box are
not taken into consideration. From the inventory for the
QLCA the fuels and the raw materials with chemically
bound exergy can be determined. This can be done for all
stages in the life cycle.
The only way exergy can leave the life cycle system is
as a co-product of a waste incineration plant or as
cxergetic fulfillment of the functional unit. The exergy
leaving a waste incineration plant can be in the form of
electricity or as a useful flow of heat (other ‘futuristic’
exergetic interesting co-products are not, yet, taken into
consideration). If, for example, the subject of study is a
power plant, the exergetic fulfillment of the functional
unit is the produced electricity, and thus a useful flow of
exergy is leaving the life cycle.
The difference between the total amount of exergy
entering and leaving the life cycle is an indication of the
total exergy use of that life cycle. And since the
environmental impacts of many products are caused by
the use of fossil fuels (chemical exergy) it could perhaps
act as an indicator of environmental impact for certain
groups of products. Figure 2 shows the principal of
QELCA.
The general idea is that the life cycle model of the
subject used by SimaProO  can be used as a black box for
the QELCA. The program can produce a list of all raw
materials going into the life cycle. The user has to convert
this into a list of all chemical exergies going into the life
cycle. Depending on the (user defined) waste treatment
scenarios, SimaProO  is capable of adding up the exergy
leaving the life cycle box after completion of the life
cycle. Figure 2 illustrates the tight connection between the
data used for the QELCA and for the QLCA by showing
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also the materials without any exergetic significance (both
entering as raw materials and leaving as (unincinerated)
waste materials).
New developments regarding exergy
When the theories about ‘zero emission exergetic life
cycle assessments’ [3] are further developed, it could also
lead to a modification of the QELCA. In a ‘zero emission
exergetic LCA’ the main objective is to ‘prevent’ environ-
mental impact by (theoretically) reducing the emissions to
zero. The result of the calculations is the total amount of
exergy needed to achieve these theoretically zero
emissions. When these developments lead to a standar-
dized calculation method or a database for determining
the exergy amount for zero emissions it can be used to
modify the QELCA which, at the moment, only takes into
account the amount of exergy used by the subject. That
database should consist of the calculated exergy needed to
prevent the emission of the certain quantity of each
substance. As a start the substance list of SimaF’roO  could
be used as a first reference.
Conclusions
It can be concluded that the LCD, as explained in this
article, fulfills the criteria for a life cycle oriented design
procedure. One of the advantages is that the LCD is
highly flexible and can be optimized for personal use or
for special projects.
To keep the LCD efficient it is advised to use an
adjusted LCA (like the QLCA) to determine the environ-
mental impact indicators for the alternatives to be used in
the selection phase. Use of these indicators enables the
designer to consider the environmental impact as a
quantifiable criterion, like other criteria such as finance,
safety, and functionality. The LCD also offers the
possibility of integrating the use of diversely focussed
LCA for other criteria.
Another conclusion is that there are still difficulties in
the LCD that need solving, either theoretically or more
practically during the performance of the LCD itself.
It should also be noted that the integration of exergy
into the LCD procedure could assist in solving the
problem of aggregation of environmental impacts. The
exergetic approach to environmental issues offers a new
point of view towards quantifying environmental impacts.
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